New insights and new issues in developmental neurotoxicology.
Here, I will review accumulating evidence that during the developmental period of synaptogenesis, also known as the brain growth spurt period, neurons are very sensitive to specific disturbances in their synaptic environment. During this period, abnormal increases in NMDA glutamate (Glu) receptor activity triggers excitotoxic neurodegeneration, and abnormal inhibition of neuronal activity (by blockade of NMDA Glu receptors or excessive activation of GABAA receptors) triggers neuronal suicide (apoptosis). Only a transient disturbance, lasting for a few hours, is sufficient to trigger either excitotoxic or apoptotic neurodegeneration during this developmental period. Ethanol, which has both NMDA antagonist and GABAmimetic properties, triggers widespread apoptotic neurodegeneration in the developing rat, mouse or guinea pig brain, and this provides a likely explanation for the reduced brain mass and lifelong neurobehavioral disturbances associated with the human fetal alcohol syndrome (FAS). The brain growth spurt occurs in different species at different times relative to birth. In rats and mice it is a postnatal event, but in humans it extends from the 6th month of gestation to several years after birth. Thus, there is a period in fetal and neonatal human development, lasting for several years, during which immature central nervous system (CNS) neurons are exquisitely sensitive to environmental agents (the specific number and variety of which remains to be established) that can trigger widespread neurodegeneration by inducing specific abnormal changes in the synaptic environment. Agents identified thus far include drugs that may be abused by pregnant mothers (ethanol, phencyclidine (PCP) (angel dust), ketamine (Special K), nitrous oxide (laughing gas), barbiturates, benzodiazepines) and many medicinals used in obstetric and pediatric medicine as sedatives, anti-convulsants or anesthetics (all general anesthetics are either NMDA antagonists or GABAmimetics). Many other chemicals in the human environment remain to be evaluated for their ability to cause developing CNS neurons to commit suicide, and this provides an exciting challenge for the field of developmental neurotoxicology.